








QUANTIFYING CHANGES IN RETAIL ELECTRICITY RATES RESULTING FROM 

















A capstone project submitted to Johns Hopkins University in conformity with the 















© 2017 Thomas Boylan 






 Understanding how a proposed microgrid would affect customers is critical to deciding 
whether to deploy such a system and this paper seeks to assess how a microgrid deployment 
would affect retail electricity rates for residents of Cape Hatteras, North Carolina.  
To answer this question, a simplified model was first developed and then run using inputs 
specific to Cape Hatteras imagining a microgrid system with local distributed generation. The 
results of the modeling suggest that average retail electricity rates, in $/kWh, will increase 
slightly during winter months but decrease slightly during the summer. Additionally, annual 
electricity bills for Cape Hatteras residents can be expected to decrease by an average of $114.14 
per year. 
The results of the modeling also suggest a -21% rate of return to the local co-op for the 
overall project and all individual project segments apart from the demand response initiative. 
However, project rate of return is heavily dependent on the frequency and severity of major 
outages. Additionally, microgrid designs are highly customizable for use with different 
technologies and government policy can play a significant role in ensuring economic viability of 
a microgrid paired with distributed generation. In all, a holistic review suggests there is the 
potential for an economically-viable microgrid deployment on Cape Hatteras, NC. 
The completion of this project enabled me to synthesize the various topics of learning 
throughout the EPC program. I was able to apply my knowledge of finance, the technical aspects 
of different energy technologies, and created the potential for policy integration to test the real-
world effects of different policies. During the completion of this project, I also gained more 
insight into renewable project financing for energy cooperatives, community cooperative 
operations in general, and an appreciation for energy efficiency and grid modernization efforts 
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Microgrids are localized electricity distribution systems containing loads and distributed 
energy resources (such as distributed generation, storage, and demand response) that are actively 
managed in a controlled, coordinated way either while connected to the main power grid or while 
operating independently in “islanded” mode.1 This islanding capability significantly improves 
reliability by limiting the impact of a disruption on the macrogrid.  
In addition to increasing grid reliability, microgrids offer improved resiliency enabling 
faster adaptation and response to extreme weather events and natural disasters. More intense 
storms resulting from our changing climate raise the prospect of more widespread, regional 
disruptions of power.2 Therefore, it is essential that our electricity delivery system can actively 
respond to and minimize at a local level the impact of any prolonged outage. Microgrids are a 
tool to develop that capability. 
 
Figure 1. Schematic showing the basic overview of a microgrid system.35 
  
Interest in microgrids is growing, with installed capacity projected to increase 115% to 




supporting critical infrastructure such as hospitals and first responder stations. However, in the 
aftermath of Superstorm Sandy, communities began recognizing the value of microgrids for 
residential uses as well. Microgrids also present an opportunity to integrate more renewable 
generation into the grid helping cities and states meet emissions-reduction and climate goals.  
Roughly 6% of electricity is lost annually during transmission and distribution in the 
United States,4 or enough to power the state of Florida for a year.5 Considering microgrids are 
highly localized systems, they can also improve grid efficiency by reducing the distance between 
generation and load. 
While microgrids are sometimes viewed as an insurance measure, there are additional 
financial incentives available, particularly for remote communities. From Alaskan villages to 
isolated desert towns in California, microgrids are becoming an increasingly appealing option to 
reduce transmission costs and natural gas/diesel costs for onsite generation. Increasing renewable 
onsite generation capacity for these communities also serves to diversify the electricity supply 
and limit dependence on a single transmission line or fuel shipment to provide power.  
 A worst-case scenario for such a community occurred on Cape Hatteras, North Carolina 
(Figure 1) during the summer of 2017. On July 27, a construction crew performing work on a 
new bridge inadvertently drove a steel casing through the single transmission line serving the 
community.6 The resulting outage lasted for over a week during peak summer tourism season and 
the subsequent evacuation order cost residents an estimated $10 million in lost economic 
activity.7 The outage was ultimately less impactful than initially forecast thanks in part to power 
supplied by two onsite diesel generators operated by Cape Hatteras Electric Cooperative (CHEC) 
with additional support from an influx of smaller generators. However, a greater portion of 
demand during the outage could have been met and the economic impact lessened had a 





         Figure 2. Map showing the location of Cape Hatteras on the coast of North Carolina. 
  
The subtropical climate and geographic location of Cape Hatteras often puts the 
community directly in the path of seasonal tropical cyclones. The State Climate Office of North 
Carolina estimates eighty-three hurricanes made landfall in the state from 1851 to 2016, 
amounting to an average of one storm every two years.8 Given the threat that hurricane winds and 
surge can pose to coastal barrier islands such as Hatteras, it becomes even more important for 
residents to have reliable access to power. The combined risk of natural disasters and human error 
prompts the need for an electricity generation and delivery system flexible enough to overcome 
these challenges. A microgrid deployment is the ideal all-in-one package for Cape Hatteras to 
accomplish this goal.  
 Before these technologies can be implemented, it is critical to first understand how they 
will impact residential customers. Alam, et al.9 modeled energy cost optimization for smart 
homes connected to a smart grid. The study addressed cost-saving strategies for smart homes 
from the customer’s perspective and accounted for smart appliances and aggressive demand 




associated with energy trading among participating households in a microgrid. However, the 
study was focused more on strategies to be utilized post-microgrid deployment and did not 
account for upfront capital costs, ongoing operational costs, and community-specific variables 
such as demand, generation mix, and initial retail rates. 
A 2001 report by the Electric Power Research Institute (EPRI) concluded that “the use of 
uniformly distributed generation on microgrids facilitates the ability to build distribution systems 
that do not need any high-voltage elements—they are entirely low-voltage. This low-voltage 
approach demonstrates potential for significant cost savings, power quality/reliability 
improvements, and provide improved safety benefits as well.”10 Much like the Alam et al. report, 
the EPRI paper recommends strategies for cost savings and optimization, but does not attempt to 
quantify the rate increase resulting from a microgrid deployment.   
There are examples in the literature of business models and financing schemes for 
microgrid systems although they fall short in addressing the impact on retail electricity rates 
specifically for residential customers. Hanna et al.11 evaluates microgrid business models and 
addresses how policy impacts the cost of microgrid services. However, Hanna’s analysis is 
limited to what they consider “typical commercial adopters: a large commercial building, critical 
infrastructure, and campus.”11 They then apply their model to a series of hypothetical commercial 
customers in Southern California. Of course, the load profile and microgrid characteristics will 
differ from a commercial customer in California compared to aggregated residential customers on 
Cape Hatteras, North Carolina. 
There is clearly an opportunity for additional research given the lack of scientific 
literature assessing how retail electricity rates are impacted by a microgrid deployment. The 
following sections of this paper will seek to answer the following question: how would the 




Hatteras, NC? It is expected that rates will increase, although this is a tenuous expectation 
considering the substantial number of contributing variables and inputs.  
The outcomes of this project will be two-fold. To properly address the question, a 
working model must first be developed that assesses the impact a microgrid and distributed 
resources (solar PV, diesel generation, battery storage, and demand response) would have on 
retail rates. This model will be intended for use by any community that wishes to better 
understand its grid reliability and resiliency options. The second outcome will be a proof-of-




 The methods section is broken down into two subsections detailing first how the generic 
model was constructed in Microsoft Excel and next how the user-defined inputs were found for 
use in the model to assess how a microgrid deployment would affect retail rates on Cape Hatteras. 
2.1 Model Development 
 While there is potential for a microgrid deployment on Cape Hatteras to significantly 
improve grid resiliency and reliability, it is critical to first assess the cost of these upgrades, how 
these costs would affect customers/residents, and how the avoided economic impact of outages 
compares to the costs of upgrading infrastructure. These key questions are central to the work of 
this project and answering them requires the use of a model. Thus, the first step is to develop a 
generic model that incorporates various demand and supply-side factors, financing parameters, 




The model is built in Microsoft Excel with the following tabs: Summary, Microgrid, 
Solar, Diesel Generators, Battery Storage, Demand Response, Policy, and Avoided Costs. Where 
applicable, each tab accounts for the net change in retail rate and rate of return from deploying 
each individual technology while factoring in capital costs, O&M costs, fuel costs, generation 
capacity, utilization rates, and useful life. The Summary tab calculates the aggregated effect from 
each technology-specific tab.  
Before diving further into how the model functions, it is first necessary to highlight the 
key general assumptions built into it. Other technology-specific assumptions will be discussed 
later.  
• The model assumes costs are distributed equally across the rate base. While other 
cost-sharing schemes may result in a more proportionate distribution of costs 
amongst customers, for the purposes of simplicity, this model assumes equal 
distribution. 
• All demand, price, and generation values were averaged over a month. Using more 
precise daily or even hourly values would provide more accurate modeling but again 
for purposes of simplicity, monthly average values are used. 
• Construction times and inflation were not accounted for. Accounting for construction 
times would likely raise retail rates slightly,12 and inflation would likely reduce rate 
of return13, but neither was factored into this model. 
• Capacity factors, utilization rates, and performance ratios were all assumed based on 
general estimates. Since this is a generic model, any future user would have better 
information as to the technology-specific inputs and could thus use more accurate 
data. However, the estimates used in this model are well-within the reasonable range 




• It is assumed that all preexisting technologies are either fully paid off or that their 
costs are already factored into the initial retail rate. 
• The model assumes that demand remains constant year-over-year. A more in-depth 
analysis would include demand projections into the future or utilize prior years data 
to more accurately understand how rates would project long-term.  
Based on these assumptions, it is clear this model simplifies certain dynamic aspects of 
the cost assessments. However, this initial simplification offers the opportunity for further 
refining of the model in follow-up research. 
With these assumptions in mind, the following will discuss how each tab functions by 
considering the user-defined inputs to calculate the change in retail rate for each month and 
overall rate of return for each project segment. Most tabs follow the same general format of 
distinguishing between upfront capital costs and recurring annual operations and maintenance 
(O&M) costs.  
2.1.1 Summary  
 The Summary tab aggregates and summarizes the outputs from each technology-specific 
tab. Key user inputs are also located on the Summary tab including monthly demand (kW), 
average monthly wholesale electricity rate ($/kWh), monthly peak electricity rate ($/kWh), the 
initial retail rate ($/kWh), interest rate, basic service charge ($), the total number of service 
accounts, and the loan term in years.  
 The Summary tab also displays calculations for the monthly avoided demand (kW), 
monthly onsite generation (kW), monthly purchased generation (kW), and the overall change in 
retail rate and customer monthly bill ($/kWh and $/month, respectively). Additionally, the 
Summary tab shows the rate of return for the entire project by summing total capital costs and 




Vp ($) = ((Annual Revenue ($)/12) * (1 – ((1+Interest Rate) ^ (-12*Loan Term (years))))/Total Capital Costs 
and using the Excel rate of return function based on the present value and total capital costs.14  
 Rate of return for the entire project and for each individual segment is calculated by 
annualizing the monthly payments made by the rate base to cover the capital costs (monthly 
capital payments) and adding them to the annual onsite generation multiplied by the adjusted 
retail rate. The monthly capital payment is the amount of money paid by the rate base through 
increased retail rates. Because that increase would apply to all power generated onsite and 
purchased wholesale, the payments are treated as revenue from utility/co-op’s perspective. Each 
project segment may also have additional revenue streams which will be detailed in the following 
pages. Utilizing the Excel rate of return function, the present value, and the total upfront capital 
costs yields the rate of return. It should be noted that an additional revenue stream from the 
demand response program at times when wholesale prices exceed retail rates. However, it is 
difficult to quantify these savings and therefore they were omitted when calculating annual 
revenue. 
2.1.2 Microgrid 
 The Microgrid tab requires user inputs for design costs, capital costs, installation costs, 
additional overhead distribution line costs and footage, and additional underground distribution 
line costs and footage. There are also inputs for annual O&M costs, infrastructure replacement 
costs, and the microgrid useful life in years. As noted above, the costs are broken down by 
frequency: upfront and annually recurring.  
 The upfront costs are added together to produce the total upfront cost and the Excel 
payment function is used calculate the monthly payment based on the interest rate and loan term 




twelve to approximate the average monthly cost. Adding these two values together produces the 
total average monthly payment before factoring in the number of customer accounts.  
 Using this average monthly payment data and the user-entered initial price from the 
Summary tab, the microgrid’s impact on electricity retail rate is calculated using the formula:  
Adjusted Retail Rate ($/kWh) = ((Demand (kWh) * Initial Retail Rate ($/kWh)) + Monthly Payment ($)) / Total Accounts / Average 
Demand (kWh/account) 
The result is the adjusted price, in $/kWh, for each month and the adjusted price is then 
subtracted from the initial price to calculate the net change in $/kWh.   
2.1.3 Solar 
 The Solar tab calculates and displays the total costs from deploying utility-scale solar PV 
while also assesses the total potential onsite generation based on the solar irradiance at a given 
location. This tab requires user inputs for average irradiance for fixed and single axis tracking at a 
predetermined tilt angle (kWh/m^2/day), system capacity (kW), system cost ($/W), system useful 
life (years), performance ratio, capacity factor, and installation costs. There are separate inputs for 
each type of panel: fixed and single axis tracking. There is also a box for existing solar 
specifications should the user already have some amount of solar capacity. Monthly payments 
and rate of return are calculated using the same formula and methodology as the Microgrid tab.  
 A critical aspect of assessing the impact on retail rates from the deployment of solar PV 
capacity is to evaluate the amount of demand that can be met through onsite generation. These 
calculations are included on the Solar tab and begin by multiplying the average daily solar 
irradiance for both fixed and single axis tracking by the number of days in each month to get the 
average monthly irradiance. Then, the new monthly onsite generation for each type of system is 




New Monthly Generation (kWh) = Average Monthly Irradiance (kWh/m^2/month) * System Size (m^2) * Performance Ratio * 
Capacity Factor 
The new monthly onsite generation is added to any existing onsite solar capacity to determine the 
total onsite generation in kWh. This value is then divided by the total number of accounts to 
determine the average demand per customer that is met with onsite generation.  
 Employing the calculated demand met through onsite generation (kWh/account) enables 
the total demand that must be purchased from offsite to be calculated by subtracting demand met 
onsite from total monthly demand. As in the Microgrid tab, the capital costs are summed and the 
Excel payment function is used to calculate the average monthly payment for upfront costs. The 
adjusted retail rate is then calculated according to the following formula: 
Adjusted Retail Rate ($/kWh) = ((Average Purchased Demand (kWh/account) * Initial Retail Rate ($/kWh)) + Monthly Payment ($)) / 
Total Accounts / Average Demand (kWh/account) 
  Rate of return is calculated using the same formula as the Microgrid tab, but the 
methodology differs slightly. Annual revenue is made up in part from the monthly capital 
payment but there is also “revenue” added from the avoided purchase of power due to onsite 
generation. This is calculated by multiplying the average monthly onsite generation by the 
average monthly wholesale electricity rate. Summed up over the year and added to the monthly 
payments yields the total annual revenue from the solar project. The present value is calculated 
using the total solar capital costs and the same formula as explained under the Microgrid tab. 
Once the present value has been calculated, the Excel rate of return function is again used to 
determine the project rate of return.  
2.1.4 Diesel Generators 
 The Diesel Generators tab displays cost and potential generation calculations for onsite 
peaker diesel generators. The following user inputs are required to evaluate the upfront capital 




installation costs. Using these inputs, the total upfront capital costs are calculated and as 
described for previous tabs, the Excel payment function is used to determine the total monthly 
payment for the entire rate base. The user then enters the expected annual O&M costs in 
$/kW/year. Multiplying the O&M cost by the capacity and dividing by twelve produces the 
monthly variable payment for the rate base.  
 To calculate the total onsite generation, the user must enter the additional following 
inputs: generator useful life (years), capacity factor, efficiency (kWh/gal), emissions rate 
(kgCO2/liter), and expected utilization rate (%). The total onsite generation is then calculated 
using the formula: 
New Onsite Generation (kWh) = Capacity (kW) * (24*Days per Month) * Capacity Factor * Expected 
Utilization Rate 
As with the Solar tab, there is a box on the Diesel Generators tab for existing capacity 
requiring user entry of the following data: existing capacity (kW), capacity factor, efficiency 
(kWh/gal), emissions rate (kgCO2/liter), and utilization rate (%). Adding the total existing and 
new onsite diesel generation enables the same calculation detailed under the Solar tab section to 
calculate the adjusted retail rate in $/kWh.  
 However, there are two additional factors influencing the adjusted retail rate from the 
diesel generators: fuel costs and carbon costs. To assess fuel costs, the sum of new and existing 
diesel generation (kWh) is divided by the generator efficiency (kWh/gal) to determine the 
monthly fuel usage. This fuel usage value is then multiplied by the average price per gallon of 
diesel fuel for that month to determine the total monthly fuel costs. To assess the monthly cost of 
carbon, if applicable, the emissions rate (kgCO2/liter) is converted to tons/gallon and multiplied 
by the monthly fuel usage to determine the monthly emissions in tCO2. Then based on the user-





Once fuel and carbon costs are calculated, the adjusted retail electricity rate is calculated 
according to the following formula: 
Adjusted Retail Rate ($/kWh) = ((Average Purchased Demand (kWh/account) * Initial Retail Rate ($/kWh)) + Fuel Costs ($) + 
Carbon Costs ($) + Monthly Payment ($)) / Total Accounts / Average Demand (kWh/account) 
Once the adjusted retail rate is calculated, it is subtracted from the initial retail rate to show the 
monthly impact of deploying the technology. 
 Rate of return for the Diesel Generator segment is calculated using the same formulas and 
methodology as previous tabs. Annual revenue is calculated by summing the annualized monthly 
fixed and variable payments and subtracting annual fuel and carbon costs. Additionally, as with 
solar, the avoided power purchased is included as revenue by multiplying monthly onsite 
generation and the peak electricity rate, given the new diesel generators are expected to serve as 
peakers. The present value is calculated using the same formula detailed above and the Excel rate 
of return function is used.  
2.1.5 Battery Storage 
 The Battery Storage tab displays cost and potential avoided demand calculations for 
onsite lithium-ion battery storage. For the purposes of this model, it is assumed the batteries are 
utilized during times of peak demand. The user must first enter the battery cost ($/kWh), land and 
installation costs, the total number of batteries deployed, the system useful life (years), the system 
efficiency (%), and the capacity (kWh/battery). The total upfront capital cost is then calculated by 
multiplying the battery cost in $/kWh by the total capacity and adding in land and installation 
costs. Using the Excel payment function then generates the total monthly payment to be spread 
across the rate base. The user then must input the expected O&M costs in $/kWh and the variable 




 As in other tabs, there is a box on the Battery Storage tab for existing system 
specifications to account for any existing storage capacity. The user must enter the size of the 
system (kW), the capacity (kWh), the efficiency (%), and useful life (years).  
 The next step is to calculate the average new avoided demand for each month. This is 
accomplished using the formula: 
New Avoided Demand (kWh) = Total Units * Capacity (kWh) * Efficiency (%) * Days per Month 
Adding the new avoided demand with any demand avoided due to existing technologies deployed 
yields the total average monthly avoided demand. Dividing this total by the number of accounts 
then gives the average demand avoided per account and subtracting this value from the total 
average demand for the month yields the average demand supplied through offsite generation 
purchases. The adjusted retail rate is then calculated the same way as other tabs using the 
formula:  
Adjusted Retail Rate ($/kWh) = ((Offsite Demand (kWh) * Initial Retail Rate ($/kWh)) + Monthly Payment ($)) / Total Accounts / 
Average Demand (kWh/account) 
 Rate of return for the battery storage portion of the project is calculated by annualizing 
the monthly payments made by the rate base to cover the capital costs. This revenue is added to 
the sum of average monthly avoided demand multiplied by the peak electricity rate to determine 
the total annual revenue. The present value is then calculated using the formula discussed under 
the Summary tab. Then utilizing the Excel rate of return function, the present value and the total 
upfront capital costs yield the rate of return for the battery segment. 
2.1.6 Demand Response  
 The Demand Response tab evaluates the impact on retail electricity rates if a demand 
response scheme was put in place. The demand control method in this scenario is the installation 




temperature in participating homes three degrees Fahrenheit above or below the homeowner’s 
preferred setting. It is expected that load would be shed during peak times, further increasing the 
value to the operator while returning a monthly payout to the enrolled customers.  
 The user inputs for the Demand Response tab include the total number of new 
thermostats, the cost per thermostat, the installation cost per thermostat, expected annual O&M 
costs, the expected annual cost of replacement parts, the average demand avoided 
(kWh/day/thermostat), the monthly payout to enrolled customers, and the useful life in years of 
the thermostats. As with the other tabs, there is a box for new system specifications in addition to 
existing system specifications, if applicable.  
 The total upfront capital costs are calculated by adding the total cost of all the new 
thermostats and the total cost of installation. The Excel payment function is used to determine the 
monthly payment for the entire rate base according to the expected useful life of the thermostats. 
Annual O&M and replacement parts costs are added together and divided by twelve to find the 
monthly variable cost payment for the rate base.  
 The methodology is the same for calculating both the new and existing potential avoided 
demand in kWh and utilizes the following formula: 
Avoided Demand (kWh) = Total New Thermostats * Average Demand Avoided (kWh/day/thermostat) * Days per 
Month 
Adding the new and current demand avoided each month produces the total demand avoided 
which is then subtracted from the total monthly demand to yield the total amount of electricity 
purchased from offsite generation. The adjusted retail rate is calculated according to the formula: 
Adjusted Retail Rate ($/kWh) = ((Average Purchased Demand (kWh/account) * Initial Retail Rate ($/kWh)) + Monthly Payment ($)) / 
Total Accounts / Average Demand (kWh/account) 




 Rate of return is calculated using the same formula and Excel function however for the 
Demand Response tab, there are slightly different elements that make up the annual revenue. 
Revenue sources include the monthly capital and O&M payments as well as the avoided demand 
(kWh) multiplied by the peak rate ($/kWh). However, there is an additional revenue stream from 
the sale of the thermostats (total new thermostats * thermostat cost). There is also the additional 
expense of paying the enrolled customer payout for utilizing the demand response program (-total 
new thermostats * customer payout). Total annual revenue is then converted to present value 
based on the formula detailed previously and the Excel rate of return function is used to evaluate 
rate of return based on the capital expenditures and the present value of the annual revenue.  
2.1.7 Policy 
 The Policy tab contains optional user inputs that account for tax credits or grants that may 
have assisted in financing any of the five project segments: microgrid, solar, diesel generators, 
battery storage, and/or demand response. The model treats these inputs as a reduction in the 
capital cost of a segment of the microgrid system, thereby reducing the cost to the rate base and 
improving rate of return. The Policy tab also contains the user input for a carbon price which, as 
discussed in the Diesel Generators tab, would increase costs across the rate base. 
 It should be noted that all the inputs on the Policy tab are optional and the model runs 
effectively without them being entered. However, on-the-ground situations can vary greatly 
between users, so it was important to try to account for as many variations as possible. 
2.1.8 Avoided Costs 
 The Avoided Costs tab accounts for the potential economic impact of a major outage and 
the frequency of such an outage. The model treats this impact as additional annual revenue for the 
system by dividing the outage frequency by the loan term, then multiplying this value by the cost 




generation and the percent of demand avoided. It is then added in as additional revenue and the 
rate of return is recalculated based on the methodology described in previous sections. As with 
the Policy tab, the Avoided Costs tab is an optional user input. 
 
2.2 Model Application 
 Once the functional generic model was developed using placeholder values for the user 
inputs, research into real data points was performed to better understand how a microgrid 
deployment would affect retail rates for customers on Cape Hatteras. The following sections will 
discuss in depth the sources of the manual inputs used to answer this question. 
 All the same assumptions discussed in the context of the generic model were relevant, 
however some assumptions were made specific to the Cape Hatteras application of the model and 
should be addressed before further discussion.  
• CHEC retail rates vary based on whether the customer is residential or commercial. For 
modeling purposes, the lower residential rates were used as inputs for two reasons: A 
lower initial rate would lead to a more conservative estimate of change in retail rate and 
the demand data did not distinguish between commercial and residential demand. 
Additionally, demand inputs include demand from both residential and commercial 
customers. Although this should have a minimal effect on the rate in $/kWh, it will likely 
result in an overestimate of the total monthly bill for residential customers and an 
underestimate of the total monthly bill for commercial customers.  
• CHEC also varies its rates based on the season. For the purposes of this model, the winter 






 The inputs on the Summary tab are the most crucial in terms of determining how a 
microgrid deployment on Cape Hatteras would affect retail electricity prices. The first key piece 
of information is peak monthly demand. George Price, Manager of Engineering and Operations at 
CHEC, provided this 2016 data via email on October 27, 2017. This data is shown in Figure 3 
and suggests significant seasonal variability.16 This is due in part to the nature of the Cape 
Hatteras economy and its reliance on an influx of tourists during the summer season.  
 
 
   Figure 3. Monthly peak electricity demand in MW for Cape Hatteras, NC. 
 
 Cape Hatteras in located within the Pennsylvania-New Jersey-Maryland (PJM) 
Interconnect and therefore, data from the PJM website was used to determine the average 
wholesale and peak rates.17 The methodology used to calculate average monthly wholesale price 
is as follows. The PJM hourly real-time locational marginal price (LMP) data was downloaded 
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month. A simple mean average was then taken to determine the average monthly wholesale price. 
The monthly data was used between November 2016 and October 2017, which was the last full 
month of data available. The same methodology and LMP dataset was used to determine the 
monthly peak price but instead of taking the average of the hourly price, the maximum was used.  
 As noted in the assumptions, CHEC employs seasonal pricing rates on Cape Hatteras. 
The following are the initial retail rates for residential customers. For the first 1,000 kWh during 
the summer months, the rate is $0.1008/kWh and every kWh after 1,000 costs $0.1460.18 During 
the winter season, the first 1,000 kWh cost the same $0.1008/kWh but every kWh after 1,000 
costs $0.0956.18 The monthly initial retail rate was then calculated using the formula: 
Initial Retail Rate ($/kWh) = ((1000*First 1k rate) + ((Monthly demand – 1000) * Over 1k rate)) / Average Demand (kWh/account) 
There is also a basic monthly service charge of $20.00 per account.18 
 The interest rate of 4.2% and the total number of accounts, 7,600, were also provided my 
Mr. Price.19,20 Typically, electricity cooperatives borrow money from the Rural Utilities Service, 
an operating unit of the United States Department of Agriculture.21 While the interest rate varies, 
Mr. Price indicated it typically averages around 4.2%. Lastly, the loan term of 25 years was 
estimated based on the reasonable range of industry standards. 
2.2.2 Microgrid 
 Microgrids are highly customizable systems and are designed to meet the specific needs 
of a community. To produce highly accurate inputs for the Microgrid tab, a separate study would 
need to be conducted to determine capital and O&M costs. Without the benefit of such a study 
specific to Cape Hatteras, alternatives had to be considered.  
 In 2014, the New York State Energy Research and Development Authority (NYSERDA) 
announced a statewide request for microgrid feasibility studies.22 The goal of the competition, 




deploy microgrids to improve disaster planning and transition away from fossil fuels.22 Eighty-
three feasibility studies were selected as stage 1 winners. These studies were posted to the 
NYSERDA website and are available for public viewing.  
 The microgrid feasibility study performed for the Town of Moreau in Upstate New York 
by Booz Allen Hamilton Inc. was selected as one of the stage 1 winners. The June 2016 
feasibility study offers a valuable source of information for understanding various microgrid 
costs. Moreau is about twice the population of Hatteras but still serves as a useful proxy for 
assessing the costs of a microgrid deployment. Thus, the following inputs were taken from 
Moreau’s microgrid feasibility study: microgrid design costs ($150,000), capital costs ($655,000), 
installation costs ($80,000), annual O&M costs ($70,000), the annual cost infrastructure 
replacement ($25,000), and the microgrid useful life (25 years).23 The remaining inputs for 
overhead and underground distribution line costs ($3.70/ft and $9.00/ft, respectively) were taken 
from the CHEC website, but it was assumed that no additional lines would need to be installed at 
this time.18 The capital costs for the microgrid components would come from breakers to assist 
with entering and exiting islanded mode, control systems, frequency regulating equipment, and 
additional software. There will likely be additional costs associated with training current CHEC 
employees as well.  
2.2.3 Solar 
 One of the most critical values for understanding the solar capacity at a location is the 
incoming solar irradiance. The United States National Renewable Energy Laboratory (NREL) 
maintains a publication of solar irradiance values for specific locations, including Cape 
Hatteras.24 For the purposes of the model, both the fixed and single axis tracking solar panels 




 The fixed and single axis capacity (750 kW and 500 kW, respectively), performance 
ratios (72% and 75%, respectively), capacity factors (25% and 23%, respectively), useful life (20 
years), and installation costs ($50,000) were all estimated based on the reasonable range of 
industry standards. 
 The cost of the solar cells ($1.03/W for fixed and $1.11/W for single axis tracking) was 
taken from the NREL US Solar Photovoltaic System Cost Benchmark for 1Q2017 and includes 
the cost of land and expected lifetime O&M.25 
 Lastly, Cape Hatteras has a small 50kW community solar garden onsite. The 
specifications for this technology were taken from the CHEC website.26 The panels were assumed 
to be single axis tracking and performance ratio (77%) and capacity factor (25%) were estimated 
based on the reasonable range of industry standards. 
2.2.4 Diesel Generators 
 The inputs for the Diesel Generators tab begin with the cost of diesel fuel in dollars per 
gallon. This data was obtained from the EIA website27 and as noted before, does not account for 
the cost of transportation and distribution. The prices used represent the average monthly retail 
price of U.S. No 2 ultra-low sulfur (0-15 ppm) diesel and span from November 2016 to October 
2017. 
 The land costs ($250,000), installation costs ($75,000), capacity (1,000kW/generator), 
number of generators (3), useful life (20 years), system capacity factor (52%), and expected 
utilization rate (5.0%), were all estimated based either on the reasonable range of industry 
standards or on the most reasonable expectation for peaker diesel generator usage. 
 The Lazard Levelized Cost of Energy (LCOE) v10.0 was used to determine the generator 
cost ($/kW) and annual O&M costs ($/kW).28 Under the “Capital Cost Comparison” chart, for 




for the purposes of the model, the cost was assumed to be $650/kW. The value for the annual 
O&M costs was taken from the “Key Assumptions” chart which suggests $15.00/kW-year for the 
diesel reciprocating engine. 
 It is also to know the generator efficiency, in kWh/gal, to calculate the total fuel costs. 
Ann Chambers, Associate Editor of Power Engineering, oversaw the three-month trial of a series 
of fluid dynamic power cells to test and quantity efficiency increases by generators at Flinders 
Island Power Station in Australia. Total capacity of the two Caterpillar 3512 diesel generators and 
two Rolls Royce C6200G diesel generators tested was 1,550 kW, similar to the assumed capacity 
for the Cape Hatteras generators.29 Before installation of the efficiency upgrades, the system had 
run for 7,000 hours with an average efficiency of 16.5 kWh/gal.29 Since there is no expectation 
the Cape Hatteras generators will not be fitted with efficiency upgrades, this 16.5 kWh/gal was 
used as the diesel generator system efficiency input for the model. 
 Determining the monthly cost for carbon depends almost entirely on the emissions rate 
from the diesel generators. According to Jakhrani, et al., “the number of kg of CO2 produced per 
liter of fuel consumed by the diesel generator depends upon the characteristics of the diesel 
generator and of the characteristics of the fuel, and it usually falls in the range of 2.4−2.8kg/l.”30 
Thus, the model assumes the average emissions rate for the diesel generators to be 2.6kgCO2/liter 
of diesel fuel. 
 As noted previously, there are two existing diesel generators available to CHEC. The 
capacity is owned by the North Carolina Electric Membership Corporation (NCEMC) which 
represents electric cooperatives throughout the state.20 NCEMC bids the Cape Hatteras generators 
into PJM during peak times. George Price from CHEC provided the specifications used in the 
model for the existing generators including a capacity of 15 MW and utilization rate of ~1%.31 




2.2.5 Battery Storage 
 The costs for lithium-ion battery storage technologies is one of the most rapidly changing 
in the industry. It can therefore be assumed that by the time this model is being used, the costs for 
battery storage will have fallen significantly. However, this model provides a snapshot in time in 
this instance and therefore utilizes the best available data.  
 The capital and O&M cost inputs for the Battery Storage tab were taken from the Lazard 
Levelized Cost of Energy Storage (LCOS) v2.0.32 The lithium-ion battery system in the model is 
assumed to intended for use in offsetting peak demand and therefore, the LCOS costs for a peaker 
replacement lithium-ion battery were used. To determine the O&M costs using the LCOS, a 
median average was taken using the low and high end levelized cost of storage components 
yielding an estimate of $0.0295/kWh annually.32 To produce the capital cost estimate for the 
battery storage component, the “Capital Cost Comparison” table in the LCOS was used. The 
values for peaker replacement lithium-ion batteries are listed in a high to low range and therefore, 
the median average was again taken to produce an estimate of $683/kWh in capital costs. The 
Lazard LCOS was also used to produce inputs for the average system efficiency (90%) and the 
projected useful life (10 years).32 
 The land costs ($100,000), installation costs ($50,000), size (500 kW/battery), capacity 
(1,500 kWh/battery), number of batteries (2) were all estimated based on the reasonable range of 
industry standards. 
CHEC does not currently employ and battery storage and therefore the box for existing 
system specifications was not utilized when modeling how a microgrid deployment would affect 
retail rates on Cape Hatteras. 




 The inputs for the Demand Response tab are straightforward and begin with the Ecobee 
thermostat installation costs of $25 per unit, the total new thermostats (250), annual O&M costs 
of $1,000, and an estimated annual cost of $250 for replacement parts. These values were 
estimated based on the reasonable range of industry standards or as in the case of the total new 
thermostats, estimated to provide a realistic target for new installations. The useful life of 40 
years for the thermostats was taken from the Ecobee website.33 
 CHEC currently has a demand response program that has been operating for about two 
years.19 Per Mr. Price, “We sell them to members at a discounted rate of $50 for the Ecobee 3 and 
$25 for the Ecobee 3 Lite. If the member has all electric heating and cooling, and agrees to allow 
the cooperative to control their thermostat at times of peak, they are given a $4 per month credit 
per account regardless of the number of units in a single home…We currently have 181 
thermostats participating in the program… We typically have events during the peak summer 
months of June, July, and August, and winter months of January and February. Because of our 
rate structure for purchased power there is no benefit to calling on the thermostat during the 
shoulder months.”19 The “Existing System Specifications” box was populated using these inputs 
and the assumption of a fifty-fifty split between Ecobee 3 and Ecobee 3 Lite thermostats ($37.50 
per unit). Mr. Price also provided data indicating the average demand avoided per thermostat is 
roughly 0.25 kwh/day.19  
2.2.7 Policy 
 There were no inputs utilized under the Policy tab for any tax incentives or grant money 
provided to help fund the project. Additionally, the price of carbon was set to zero as well. 
Although these inputs were not used to model how a microgrid deployment would affect Cape 
Hatteras retail rates, they offer the opportunity to “play” with the model and assess the impact 




2.2.8 Avoided Costs 
 The $10,000,000 estimated economic impact of a major outage input in the Avoided 
Costs tab comes from an estimate performed from the summer 2017 outage.7 The frequency of 
such an outage comes from estimates performed by Vecci, et al. who state, “retrospective 
predictions of 5- and 9-yr mean tropical Atlantic hurricane frequency show significant 
correlations relative to a null hypothesis of zero correlation.”34 As seen in July 2017, outages can 
be caused by events other than hurricanes, however given Cape Hatteras’s location, a hurricane is 
the most likely source of such a catastrophic outage. Accordingly, a 7-year average is used for the 
model.  
 It is essential to note that although the inputs in the Avoided Cost tab are optional, the 
entire purpose of deploying a microgrid is to improve grid resiliency and response to extreme 




 Using the above methodology and sources of Cape Hatteras-specific inputs, the model 
was run to produce the net change in retail electricity rate and the corresponding difference in 
average monthly electricity bill incurred by the entire project. Table 1 shows the table produced 
by the Summary tab and in addition to the rate/bill changes, shows a breakdown of the total 
avoided demand, total onsite generation, and total purchased generation. Values in red text 
indicate user-entered inputs while cells in black indicate calculated values. A more in-depth 








Table 1. Table showing how a microgrid deployment would affect retail electricity rates on Cape Hatteras, NC. 








The model suggests a net increase in the $/kWh retail rate for the months of January, 
February, March, November, and December and a net decrease for the months of April through 
October due to the higher initial retail rate. The modeling also suggests an average monthly bill 
reduction of $9.51 per account leading to a decrease of $114.14 per year. These impacts are 
summarized in Figure 4. 
 
    Figure 4. Chart showing the monthly impact on retail rates and average customer bill. 
 
One key takeaway from Figure 4 is that even in the months where the retail rate increases 
(November through March), the average monthly bill still decreases. This occurs because of the 
increased onsite generation resulting in less electricity being purchased from the macrogrid. 
Although the cost per kWh increases due to the cost of deploying the microgrid, the total kWh 




















































Net Change in Retail Rates and Monthly Bill




The overall rate of return on the project is -21%, well below the 4.2% interest rate. The 
user inputs and rate of return breakdown are displayed in Table 2. Such a negative rate of return 
for CHEC suggests additional rate increases would be necessary for the project to become 
economically viable. An increase in retail rates could improve the economics to make a microgrid 
deployment more appealing, however it is likely the community would be averse to such an 
action. It is also important to note that most microgrids deployed currently utilized some amount 
of grant money. While the Cape Hatteras microgrid modeled in this paper did not include any 
hypothetical grant money, doing so significantly improves the rate of return. 
 
 






 Figure 5 shows the correlation between initial retail rates and the change in rates resulting 
from the microgrid deployment.  The data suggest that when initial retail rates are higher, there is 
a decrease in the $/kWh cost after deployment of the microgrid and when initial retail rates are 
lower, the rate either remains the same or increases. This trend supports the economic case for 















































Comparing Initial Retail Rate to Net Change




 The average monthly bill decrease throughout the year is due in part to the reduction in 
electricity purchased by CHEC from the macrogrid. This “avoided purchased demand” is broken 
down into two sources: demand met via onsite generation and demand avoided. Demand met via 
onsite generation is reflective of the electricity generated from the solar, diesel generator, and 
battery storage components. The avoided demand is the result of the demand response program. 
Figure 6 shows the breakdown of each source of avoided purchased demand. An annual average 
of 2.5% of initial demand can be met with the increased onsite generation while an additional 
annual average of 0.4% can be avoided through demand response.  
 
 









Comparing Sources of Avoided Purchased Demand




 Figure 7 shows the average monthly onsite generation after the microgrid is deployed. 
This trend correlates with the average monthly solar irradiance. Traditional, fossil-fuel based 
forms of electricity generation are not seasonally dependent and can be run as frequently or 
infrequently as the operator decides. Assuming the same monthly output from the diesel 
generators results in the monthly variations being solely due to varying solar irradiance. With 
higher irradiance in Cape Hatteras during the late spring and early summer months, generation in 
kWh/account is higher than in the winter where average incoming solar radiation is lower.  
 
 































 This project began by asking the initial question: how would the deployment of a 
microgrid system with onsite generation affect retail electricity rates in general and how would 
rates on Cape Hatteras, NC be impacted following the outage of summer 2017? It was initially 
expected that retail rates would rise throughout the year. However, after producing the generic 
model and processing roughly seventy-five Hatteras-specific inputs, it has become evident that 
the hypothesis was incorrect. Retail electricity rates would increase slightly from November to 
March but decrease slightly from April to October resulting in overall annual savings. 
The change tends to correlate with the initial average retail rate for each month. In 
months when the initial rate is higher, adjusted retail rates are reduced and in months when the 
initial rate is lower, retail rates increase from the microgrid deployment. This trend further 
supports the economic case for microgrids in rural and remote communities that typically pay a 
premium for electricity. 
 A microgrid deployment on Cape Hatteras could offer significant benefit to both the 
customers and CHEC. Absent the costs, the improved resiliency would be critical in responding 
to hurricanes and would help mitigate the economic impact of outages. Additionally, the 
resiliency improvement could serve as an incentive to attract business to the area by ensuring a 
near-constant availability of electricity.  
 There would be some negative aspects to a microgrid deployment as well. The initial 
capital costs are significant and could in fact be higher than the inputs used in the model. Further, 
the active load management capabilities by the microgrid are complex and would likely require 
either training for current CHEC employees or the hiring of additional employees, both of which 




 While the model provides a snapshot in time of current (fall 2017) generation prices, it 
can be reasonably expected the costs, particularly for solar and lithium-ion batteries, will continue 
to decrease. Accordingly, it is informative to run the model using reduced costs for these 
technologies to assess how costs can be projected to change and determine if waiting some 
amount of time for a microgrid deployment to make more economic sense. Assuming a ten 
percent reduction year-over-year for solar and battery costs suggests that in the year 2020, fixed 
solar, single-axis tracking solar, and battery costs would be $0.75/W, $0.81/W, and $498/kWh, 
respectively. Holding all other variables constant, residents would save an additional $12.12 per 
year on electricity costs on Cape Hatteras.  
Projecting these cost reductions out to 2030 suggests fixed solar, single-axis tracking 
solar, and battery costs would be further reduced to $0.26/W, $0.28/W, and $174/kWh, 
respectively. This reduction, holding all other variables constant, would result in an annual 
additional savings of $33.67 for CHEC customers compared to 2017, with the majority of savings 
attributable to battery storage cost reductions.  
 As noted throughout this paper, the model developed is simplified and accounts for only 
the major cost impacts. Thus, there is opportunity for further, more in-depth follow-up research. 
One such area would be to utilize policy inputs to assess the impact on retail fates from certain 
policies such as investment tax credits, grant money, and a carbon tax. Another opportunity 
would be to perform a sensitivity analysis to assess which inputs have the most significant on 
retail rates. Another opportunity for further research would be to incorporate wind generation into 
the modeling. Cape Hatteras has notable wind resources, especially offshore, and aside from other 
community concerns, it would be interesting to understand how deploying wind capacity would 
affect CHEC retail rates. An additional area for further research is to look at what change in retail 
rates would be necessary to improve the rate of return such that a microgrid deployment would 




from the customers’ perspective. However, it would be equally as informative to understand the 
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The following set of tables show a breakdown of how the microgrid technology, solar, 
diesel generators, battery storage, and demand response segments each factored in to the overall 
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Demand Response  
 




   Table A10. Tables showing specifications, cost inputs, and rate of return for the demand response segment. 
 
